Background: B-cell chronic lymphocytic leukemia B (B-CLL), the most common type of leukemia, may be caused by apoptosis deficiency in the body. Adipose tissue-derived mesenchymal stem cells (AD-MSCs) as providers of pro-apoptotic molecules such as tumor necrosis factor-related apoptosis-inducing ligand (TRAIL), can be considered as an effective anti-cancer therapy candidate. Therefore, in this study we assessed the role of tumor necrosis factor-producing mesenchymal stem cells oin apoptosis of B-CLL cells resistant to fludarabinebased chemotherapy. Materials and Methods: In this study, after isolation and culture of AD-MSCs, a lentiviral LeGO-iG2-TRAIL-GFP vector containing a gene producing the ligand pro-apoptotic with plasmid PsPAX2 and PMDG2 virus were transfected into cell-lines to generate T293HEK. Then, T293HEK cell supernatant containing the virus produced after 48 and 72 hours was collected, and these viruses were transduced to reprogram AD-MSCs. Apoptosis rates were separately studied in four groups: group 1, AD-MSCs-TRAIL; group 2, AD-MSCs-GFP; group 3, AD-MSCs; and group 4, CLL. Results: Observed apoptosis rates were: group 1, 42 ± 1.04%; group 2, 21 ± 0.57%; group 3, 19± 2.6%; and group 4, % 0.01 ± 0.01. The highest rate of apoptosis thus occurred ingroup 1 (transduced TRAIL encoding vector). In this group, the average medium-soluble TRAIL was 72.7pg/m and flow cytometry analysis showed a pro-apoptosis rate of 63 ± 1.6%, which was again higher than in other groups. Conclusions: In this study we have shown that tumor necrosis factor (TNF) secreted by AD-MSCs may play an effective role in inducing B-CLL cell apoptosis.
Introduction
B-cell chronic lymphocytic leukemia (B-CLL) is one of the most common leukemia in Western countries and affects more men than women (Hallek et al., 2008) . In this type of leukemia, the body's cells show defective apoptotic processes and have a long-life, and eventually colonies of B-cells are formed in peripheral blood, lymphoid organs, and bone marrow (Kay et al., 2007; Hallek., 2015) . Celltherapy is one of the therapies that have attracted the attention of many researchers in leukemia treatments. One of the cells used in the treatment of cancer is mesenchymal stem cells (MSCs) (Loebinger et al., 2010) . These cells are capable to act as a carrier vehicle to deliver antitumor molecules to tumor site.
Adipose tissue-derived mesenchymal stem cells (ADMSCs) are considered as a promising cellular source for many treatments protocols (Sen et al., 2001; Pachon et al., 2011) . Many number of AD-MSCs is simply derived from adipose tissue compared to bone marrow mesenchymal stem cells (BM-MSCs) using a non-invasive method. ADMSCs can code tumor necrosis factor-related apoptosisinducing ligand (TRAIL) against cancer cells (Grisendi et al., 2010) . TRAIL is considered as a promising candidate for cancer therapy (Ashkenazi et al., 2008) . TRAIL is a type 2 transmembrane death ligand that induces apoptosis in various human cancers, but not in normal cells. In fact, this ligand is a part of the immune system that prevents the formation and spread of tumors (Wiley et al., 1995; Mahalingam et al., 2009 ). This ligand triggers apoptosis on binding to the death receptors (DR) (Walczak et al., 2008) . If TRAIL enters the body intravenously, it quickly disappears due to its short pharmacokinetic half-life (de et al., 2003; Ashkenazi et al., 2008) .
According to the clinical application of stem cells and vectors in the treatment of cancer, and the lack of response to cancer chemotherapy, in the present study vectors are used as a carrier to transfer, increase and the durability of the expression of gene responsible for TRIAL. Therefore, in this study we assessed the role of tumor necrosis factorproducing mesenchymal stem cells on apoptosis of B-CLL cells resistant to fludarabine-based chemotherapy.
Materials and Methods

Isolation and cultivation of stem cells
In this experimental study, samples of adipose tissue from the abdomen hypodermis were prepared. The samples were collected from patients under age 30. Then, sterile adipose tissue was put into phosphate buffered saline (PBS) and penicillin-streptomycin antibiotics (GIBCO). After careful washing and precise removal of the blood vessels and debris, adipose tissue was transferred into other sterile plates. Adipose tissue was completely crushed and three times its size 0.1% collagenase was added to the solution, and then was peptidized. The solution has been transferred to Falcon tubes and was incubated for 30 minutes in the shaking incubator at 37ºC. The solution was centrifuged for 5 min at 3000 rpm. Cell decomposition was cultured with 2 ml DMEM medium and was peptidized with serum FBS 10%. The cells were poured into the flask, the culture medium was added to the flask, and finally the solution was incubated. Isolated MSC was inactivated in a culture DMEM medium containing high glucose, pyruvate and L-glutamine, serum FBS 10%, then was cultured in 3.7 g/L sodium bicarbonate, non-essential amino acids 1%, penicillin (100 μg/ml) and streptomycin (100 μg/ml). Then, cells were incubated for 72 h at 37 ° C and 95% humidity and 5% CO2. Now, MSCs adhered completely to the bottom of the flask; thus, non-adherent cells were separated from the rest of the cells. However, after four days of cell culture, medium was replaced with fresh medium and non-adherent cells were removed, and cell flask was transferred back into the incubator. At this stage of growth, the cells were examined under a light invert microscope.
Passage of adipose tissue-derived mesenchymal stem cells (AD-MSCs)
for cell passage, culture medium was removed and the cells culture plate was washed with PBS once. Furthermore, Trypsin-EDTA 0.25% enough to cover the surface of cells was added, then, was kept at room temperature until the cells separate from the bottom of the container and the cells were mechanically pipette. To disable Trypsin-EDTA, 15%FBS with DMEM was used. After pipetting the cell, the contents of cells culture plate were centrifuged at 1500 rpm for 5 min at 4°C. Then, cells were transferred to new culture flasks. After three passages, confirmation of nature of cultured MSCs was performed.
Confirmation of nature of cultured MSC
To confirm the stromal nature of cultured cells, fluorochrome-conjugated monoclonal cocktails antibodies with antigens CD90 and CD105 as MSCs markers and antigens CD45 and CD34 as hematopoietic cell markers with proper control isotypes and flow cytometry (Becton Dickinson, San Jose, CA, USA) were used (Sadighi et al., 2014). In short, using Trypsin-EDTA 25.0%, cells were isolated from the flasks floor and for the confirmation of each antibody 105 cells were cast within a clean Eppendorf tube, as well as for each antibody an isotype control tube was considered. Then, cells were washed once with cold PBS containing 2%FBS. Finally, the stained cells were examined by flow cytometry and Win MDI 2.8 software (BD, Franklin Lakes, NJ, USA). Differentiation of MSC into bone cells and adipose tissue was done similar to that provided by Sidighi et al (Sidighi et al., 2014) .
Design and construction of TRAIL gene
In order to construct a recombinant vector encoding a gene expression vector LeGO-IG2 to TRAIL (GFPTRAILLeGO-IG2), TRAIL protein-coding sequence was extracted from the GenBank database based on the reference accession number NM_003810.3 (Abdul et al., 2014) . In addition, TRAIL, was digested by BamHI and ECORI restriction enzymes, to clone in 30432pGH plasmid. Then, TRAIL was sequenced (nedagene.com). TRAIL synthesized in pGH vector (TRAIL-30432pGH) was purchased as TNF lyophilized powder (4μg powder dissolved with 50 ml TE buffer, and then stored at -20°C).
Purifying plasmid from positive bacterial colonies
At this stage, mini preparation plasmid purification was performed. Plasmid purification was performed using a plasmid extraction miniprep kit (QIA gene). Purity and concentration of extracted plasmid were measured both by electrophotometer and agarose gel electrophoresis.
Investigation of DNA on agarose gels
The extracted DNA fragments DNA was analyzed on 1% agarose gel.
Double digested plasmid TRAIL-30432pGH
gene plasmid carries was greatly amplified, to ensure the existence of a DNA fragment in the transformed bacterial following plasmids extraction, enzymatic digestion was performed on them. In the enzymatic digestion, to verify the performance of each enzyme and getting information about the star activity, double digestion was done. Enzymatic digestion was performed in a nuclease-free Eppendorf tube. Moreover, enzymatic digestion products were run under electrophoresis with the 100 bps molecular weight marker on 1% agarose gel. To eliminate non-specific bands in the gel electrophoresis of the vector, in this study, a gel extraction commercial kit (QIAgene) were used.
Statistical analysis
Quantitative data were analyzed using Kruskal-Wallis and one-way analysis methods. Post hoc Tukey's test was used to perform between and within group analysis. Data were presented as mean ± SEM. Besides, data were analyzed using EXELL 2010 and SPSS 19 softwares. Significance level of P was considered as ≤0.05.
Results
Isolation and culture of human AD-MSCs
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AD-MSCs after a day in DMEM with 10% FBS serum showed fusiform appearance, although in a heterogeneous population of cells, as well as round cells, suspended cells and RBC were observed ( Figure 1A ). Spindle-shaped cells grow more than other cells and it was the most frequent cell formed after the first passage ( Figure B1 ). ADMSCs in the next passages showed a more homogeneous population of spindle cells were occupied the bottom of the flask ( Figure C1) .
Confirmation of the nature of MSCs that were cultured using cell surface markers
Around 91.54% and 96.36% of these cells expressed the CD105 and CD90 markers on their surface, respectively (Figure 2 ). These cells were negative for markers of hematopoietic cell as well, and about 1.10% of these cells expressed CD34 marker on their surface (Figure 2) . Besides, about 4% of the cells express the CD45 markers on their surface (Figure 2) .
Confirmation of the nature of the cultured MSCs with osteogenic and adipogenic differentiation
Over the osteogenic medium cell death rate was very high. In addition, during the days of cell culture, cell morphology gradually changed. In osteogenic medium, cells were transformed from spindle-shaped cells to the larger multifaceted cells, which showed a lot of sediment deposition of calcium in the cytoplasm. While in the osteoblastic medium, cells become more rounded and lost their appendages, and cavities were formed within the cell that presented as one to several holes. The mortality rate in these cells was lower than the differentiated cells into bone. Also, the early differentiation was presented more in the osteoblastic medium than the osteogenic one. Vacuoles were appeared in the first 13-14 days of differentiation, while bone cells formation was taking place almost a week later (Figure 3) .
Extraction of pGH plasmid
After digestion, gel electrophoresis was performed on all product of a gene of interest, which showed a frond band of 989 pb ( Figure 4A ); Amplification and purification of expression vectors (LeGO-IG2) was done in low-scale ( Figure 4B) ; After purification of LeGO-IG2 plasmid, it was digested by the BamI and EcoRI enzymes, was run on agarose gel 1% ( Figure 4C ).
TRAIL secretion of AD-MSCs in the HIKT293 Groups
on second day, the TRAIL in both transduct and nontransduct groups was low (12.3±0.5 pg/mL), but in the day 3, TRAIL increased significantly in the HEKTRAIL group (253±25.1 pg/mL), while no significant change was observed in in the rest of the groups ( Figure 6A ). The soluble TRAIL medium was very small in all groups on the second day (14.3 pg/mL), but on day 3 it was increased significantly in AD-MSC TRAIL group (72.7 pg/mL), therefore the rest of the group had no significant change. Besides there was a significant difference in the TRAIL on the third day compared to the second day in AD-MSC TRAIL group, while the difference was not significant in other groups, ( Figure 6B ).
GFP expression in HEKT293 groups using an inverted microscope
The observation of HEKT293 cells in groups 1 and 2 with the vector encoding the gene TRAIL containing protein GFP reporter transduct using an inverted fluorescent microscope, has revealed green spots. These spots increased in the third day, and reach to its highest amount in the period 24-48 hours. So, the strength and (A); the mean rate of apoptosis in HEK-GFP was 2.6% (B); the mean rate of WT-HEK apoptosis has been demonstrated as 2% (C); the mean rate of apoptosis in CLL group was 0.01% (D). The other results of FACS were as follows (Bottom row): the mean apoptosis in AD-MSC TRAIL group was 42% (E); the mean apoptosis in AD-MSC GFP group was 21% (F); the mean apoptosis in AD-MSC group was 19% (G); the mean rate of apoptosis in CLL group was 0.01% (H) Asian Pacific Journal of Cancer Prevention, Vol 16, 2015 8537 DOI:http://dx.doi.org/10.7314/APJCP.2015.16.18 
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adhesion of the cells to the floor plate gradually decreased, as well as virus production and the expression of GFP showed a decreasing trend (Figure 7) .
Apoptosis in HEKT293 groups
There was a significant difference in the rate of proapoptosis and apoptosis in HEK-TRAIL group compared to the other groups in term of cancer cells (P ≤ 0.05). The results prove that pro-apoptosis and apoptosis in the three groups with non-modified TRAIL gene had significant differences (Figure 8) .
Comparison of TRAIL secretion in mesenchyme Feeder and HEK Feeder groups
TRAIL secretion in TRAIL-HEK within both 24 hours and 48 hours was significantly different compared to AD-MSC-TRAIL (both P≤0.05, Figure 9A ). The information obtained from flow cytometry analysis showed that compared different groups of cells, MSC apoptosis was higher than the other groups, of which this difference in all groups were significantly higher in all MSC groups compared with the HEK groups ( Figure 9B ). Pro-apoptotic result in different groups of HEK and AD-MSC, shows significant differences exist (P≤0.05) in the MSC group compared to the group of HEK group. Besides, Proapoptotic result in all MSC groups was higher than HEK groups ( Figure 9C) .
Evaluation of GFP expression in mesenchymal groups using an inverted microscope
The results showed that in groups 1 and 2 with the TRAIL gene encoding and GFP transduct vectors, green spots can be seen due to GFP expression, which these spots present a little more on the third day, and gradually increased in the period 24-48 hours (Figure 10 ), but the green spots are lower compared with the HEK transduct group.
Discussion
Recent studies have shown the behavior of tumor cells is not determined only by the tumor cells, and the role of cytokines and non-tumor cells at the tumor development and progression site has attracted the attention of many researchers (Calon et al., 2012) . Tumors have various recovery behaviors, and inflammation plays a major role in tumor development, progression, and metastasis (Whiteside et al., 2008; Wu et al., 2012) .
Since the effect of TRAIL secreted by human mesenchymal cells in apoptosis has been reported so far, many studies have shown that cells mesenchymal or stromal-differentiated cells have an important supportive role in the hematopoiesis and prevent various diseases ( Batsali et al., 2013; Hoch et al., 2014; Sharma et al., 2014) . However, abnormal mesenchymal cells may be involved in hematological diseases, especially acute myelogenous (Kojima et al., 2011) and chronic myeloid (Balakrishnan et al., 2010) leukemia. The inhibitory effects of human MSCs on tumor growth and metastasis are the research topics of interest in recent years. The aim of the present study was to assess the role of tumor necrosis factor-producing MSC on apoptosis of B-CLL cells resistant to fludarabine-based chemotherapy, and showed that a designed recombinant lentivirus structure was capable to express a secretory protein, which serve as a ligand able to bind to receptors on the membrane of cancer cells and inhibits the growth and proliferation of these cells.
Soluble TRAIL in our AD-MSC-TRAIL study group was lower than the Grisendi et al. (Grisendi et al., 2010) study that can be due to non-titration of the virus, because the infectious ability of a virus closely related to its concentration (Tiscornia et al., 2006) . Titration-related increasing the concentration of the virus increases the efficiency of transduction and induces more cells to release the TRAIL. In the present study, secretory protein was the highest in HEK-TRAIL group compared to all other groups, and previous studies also have subsequent transfection efficiency in HEK cell-lines higher than the other cell types (Foss et al., 2000) .
In the Grisendi et al. (2010) study, soluble TRAIL in GFP vector and other transducted groups were not assessable at 24 and 48 hours (Grisendi et al., 2010) . However, in the present study the TRAIL was assessable in culture medium of HEK and mesenchymal groups, which may suggest that all cells release a very small amount of TRAIL.
In the present study, data showed that CLL cells are sensitive to TRAIL-mediated apoptosis, so that with more time more cellular debrides could be seen, which flow cytometry also confirmed the CLL apoptosis. Besides, in the present study cancer cells were only exposed 24 hours to the TRAIL, of which HEK-TRAIL and AD-MSC-TRAIL groups showed higher apoptosis and pro-apoptosis. These findings were different with the previous studies (Grisendi et al., 2010) . However, these differences can be due to higher levels of TRAIL in cell culture and also the low impact of CLL cells to TRAIL, which is not sufficient to induce apoptosis. Also, perhaps these differences were because of the low proximity of the cancer cells with TRAIL or change of the feeder cells to cancer cells ratio, which means HEK cells are not sufficient to feed the tumor. Thus, with the increase in feeder cells to cancer cells ration may expose cancer cells to more TRAIL.
An interesting point in this study was the rate of apoptosis and pro-apoptosis in all mesenchymal feeder groups was higher than HEK feeder groups, it could be related to the plasticity of mesenchymal cells that activate different signaling pathways can inhibit tumor cells (Sen et al., 2001 ).
In conclusion, At the end of the study, it can be concluded that MSCs, the cells that easily and in large amounts could be separated of adipose tissue, after more than two months of post-separation are rapidly proliferating in vitro. These rapidly proliferating cells facilitate accessibility to a huge source of cells, especially when a large number of cells for cell therapy are required. These cells can carry antitumor molecules to the tumor site.
Besides, taking advantages of lentivirus, gene of interest can insert into MSCs without any change in its phenotype or cell differentiation power. In the present study, a recombinant lentivirus was constructed that can express a secretory protein, of which this protein as a ligand capable to bind to a specific receptor on the cancer cells, and inhibits the growth and proliferation of these cells.
Recombinant viral vectors adipose mesenchymal cells to provide a suitable solution to apoptosis and may have taken a small step in the treatment of this disease, as defined in our study using the plasmid encoding the TRAIL apoptosis in leukemia cell chronic lymphoid significantly be. Besides, in this study the apoptosis in cells has happened although its rate was low, using the viral delivery systems, changing the time period of exposure and accompaniment with other tumor-suppressor genes, can increase the rate of apoptosis. Finally, using recombinant viral vectors to deliver AD-MSC may consider as a suitable solution and perhaps a small step in the treatment for apoptosis of tumor cells. In this study, we used a plasmid encoding the TRAIL significantly induces apoptosis in CLL.
